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lJA!i’IONAIJADVISORY COMMITTEE FOR AERONAUTICS

—
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. . “TECHNICAL NOTE NO. 393 ., ,,

——

TZIE 3H7FZCT OF SLOTS AND FLAPS ON THE LIFT AND

.
DRAG 0“3’THE McDONNELL AIRPLANE AS DETI!RMINED

IN 3’LI.GHT

By Hartley A“, Soul~

.;, Summary
-.

.,

This’ ’note contains the results of. flight tests con-
ducted by the National Advisory Committee $or Aeronautics on
a low-wing monoplane equipped with leading-edge slots ex-
tending.over the entire wing and flaps eztending only to the
ailerons, to find their effect on the lift and drag character-
istics of the airplane.,. Curves are given showing tbe lift
and drag characteristics of the airplane for the following
conditions of the.slots and flaps: slots closed and flaps

-..—

● neutral; slots open and flaps neutral; slots closed and
flares down; and slots open and flaps down. In addition, the
hig~ and low speeds in level flight and the climbing char-
acteristics are given.

The results show that the slots used alone increase
the maximum lift coefficient 54 per cent; the flaps alone
increase it 38 per cent; and the slots and flaps in combi-
nation give a total increase in lift coefficient of 94 per
cent . The slots and flaps in combination decrease the land-
ing speed from 60 to 43 m.p.h.; increase the sp@,range of
the airplane 40 per cent; and increase the ~ angle at
landin~ speed 4.2°.

Introduction

It is generally recognized that one of the most impor-
tant problems now confronting .aeronautical engineers is to
improve the airplane in such a manner as to increase the
safety of flight. The National Advisory Committee for Aero-M
nautics has realized this and is now engaged in a very ex-
tensive proSram of research, including both wind-tunnel and

4
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flight testing, for thee xpresp,.yurpose
ty of airplanes. . .

._—

of, increasing the safe- _. ..

From t~e standpoint. of the aerodynamics of the airplane,
it appears that the most promising ”immediate ‘line of attack
is to find.,aeans of decreasing the landin$ and take-offi speeds
and of providing adequate con’trol and stability at the atti-
tudes corresponding ,to these speeds. Because of their known

—

ability to increase the maximum lift coefficient, slots and
flaps present one very promising method of accomplishing this
o%ject. .

As a Tart of its general research on safety, the Committee
-.

has t~~erefore undertaken to investigate the aerodynamic, per-
formance, landing, take-off, stability, maneuverability, and
contr.o.l-c’~rac.t,eris,tics of an airpl’ane equipppd.with slots and
flaps so.tha; the influence of these devices-could be appraised,
not only wfth respect to safety but- also with regard to per-
formance in general. This investigation is now.in progress on
the. licDonn-ell airplane? which wa’s originally. designed for. entry
in the. Daniel Guggenheim Safe Aircraft Competition. Some pre- .
limina~y information, the presentation of which is the object —.

of this reyort, has been obtained to date.

Thes.epreliminary data consist of lift and drag character- ‘
is,tics~,,slotbehavior oropera~ion; and erformance
data, i-ncluditigmininum speed, fi.ighspee ngles, and
climb characteristics. !These results were o ained, in general,
with four combinations of slot and ,flap s8tting; slots o~en
and closed, wit.h.flaps neutral; ,and slots open and closed, with
flaps .aepressed. Mea&rements were made accordiri~ to methods
commonly in use by the

$
ommit’tee. “

.

The “Airp~ane .. >

A three-view drawing and photographs showing the general
arrangement of the NcDonnell airplane. are given in Figures 1 to
4, inclusive. The principal features of the airplane are given
in tk.e following table:

Ccypq - Low-wing t-~a~t~r,monoplane . .“ .
Sea$i@g arrangemen~.- .Two-’place, tand~m., open cockpit.

&—
-—
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span
chord%(c)
areaw ~
. . .:

,.,,.
.,..,. ”

General Characteristics
.....’. ,..”...’!.,.;; ;.,.. ....

...-. ..!.,:.
- 35 ft. over-all leagth - -21 ft. 4 in.
- 5 ft. 8 in. height - 7 ft. 2~ in.
-:i%>5”%&f%.’ ““eligible”:‘“”‘;”.’ ‘~”tiarher IiScarab!’

....:...,”. :;.,-.,,. , ,.,..-.:- ... ~ated 110 hp
.:.:.... . .“. .,.,.,.,. ‘:”a’t 1,850. r.p.m.., ,,‘,. ,.“..’.,. .-, :-.

asp”e”c’t‘ra”t”i”o.-’6;2 . . @eight: (tbst)’ -’ ,1,800’1~.*”””

W.i,w%s.g.c_ti-o.n- M-6 poye~ loading,.. -,,16.3 lb./hp

~.ille.dral‘“ -“ 4.50 ~ : 9“1’.lb./sq.ft..,.;mi~g lQa”&~Qg’ ,. - ~ -
,,. ,,“, ,... .’

. . . . . . . .. . ,,,,. ,.. , ,“ . . . . . . . . ,-, ,:

“ Slot and i~ap Dimensions ““: . ...:,‘,. .
., :.

.
span of auxiliary” ,a$.~.f.cr.il; 3.1.ft.; 7+- in.
chord of auxiliary airfoil 10.2 in. ; 15$ c.
span. Of f~.aps. ~ . ~ 22.,ft.,.?.: 4-1/8 in.....,.
chord. of fi’aps ~ ,, ~ &+..;~~/6 i?*.; 25=6% c. :
.fla; ang,le when” $“ully,depresse. . . .

.

L~cati,on of Auxiliary A5rfoil, .wi,thSlot Open
(See fig. 5.,),“ . ,,,

.,

widt’h 5.43 in. ; 8$ C’.
de@th 2.3”8 in. ;

t
3.5$ ’C.

gap 1.02 in. ; 1.5$%.~:.’
..-----

The auxiliary, or leading-edge, air’foil is,“divided iD-
to four sections “along the span, two on each side ‘of the
fusela~;e. ii0r@311y”,. these auxiliary air fo iis are automat-
ic iil action, although, in order to allow testing with slots

i T’
—--—.——

The ar~s. was cornpytedto include the projected plan area.
of the. fuselage bounded by the wi~g,roots apd the lead.irig
,atidtrailing edg.e,s~exten~ed. Thus it..differs from that
p~blished elsewhere, .v.i~.,,180 sq.ft.. ~~

-’
Value given is ‘that used. in tests. Flaps designed for”
50° t’raVeS”but air ldqds. prevent full’ movement “in flight.. ,,. , ,, ,.,. ,...

,. ,... .,. . . . . . ‘,.

.: ”.:”’.+ . ...’..’”-. ,
*.
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opened or closed at all, angles of attack, means were pro-
vidod to lock them iii-ei”t:~eti’t%e’~ul”i-’o~btior closed po-
sition.

The flaps: exte’nd”:along’”the entir.e ’trailing edge with
the “exception of the pa’rt ~oc”tiupiedby .t’iieailerons ‘and are.
k“fiualIY operated from tfie-’pilot’ls,cockpit’. ““They are inter-
corm’ecte’d ‘with the stabilizer. Means are provided, lowever,

,. foi adjus”’t”ingthe stabilizer independently of the flaps.

,. The”,a.irplane, as’ originally designe,d and constructed.,
w&s equi,p~.ed.wi.t~;wheql .fai,~ings, landingegear strut fair-

,.‘..ing.a,’:an”dN~A, C.A,.:dowlin,g: These items were not included
when the airplane was delivered to the J2bmmittee, and the
subject tests were made without them.

,. ..
.’

Tests and Test Methods

,- .,

A-.comylqte,~des,cript.ion g: the methods .an.d’apparatus
used in ..these tqqt.s will be given in .a later report deal-
in~ tiit,h;t+e complej:e investigation. Only a“brief descrip-
tion of t-he metho”d is given here.

Lift and drag characteristics .- The lift and drag——.
characteristics were, measured for each of *the following
slot and.’fla’p atirangemexits: “,,

.
,,

1. Slots-closed and flaps neutral.
2. Slots open and flaps neutral.
3. Slots” clo~ed ,and ‘f-laps down.
4, Slots opeti.aqd flaps down.

.. ..
The characteristics were determined by means of glide

tests, which are described in detail in reference 1. Brief-
ly, the” glide-iest procedure is as follows:

l?he airplane is flown in.a.steady glide with the pro-
peller opefatitig approximately at V/nD for zero thrust,
During the glide, simultaneous records are taken of the
flight-path angle, the indicated qir speed, the angle of
inclination of the ?in~,chord, the engine speed, ~nd”the
temperature &nd.pres.sure: ’of the air” at the altitude of the
airplane. The weight of:the “airplane during. the glide is
known. From ”the weight, and the flight-path angle, the cou-
ponent-s of .force.ac”ting -perpetidf:cular to and par~llel .to the

.flight .pat’”hare calculated;- “The indicated air speed is
corrected to true air speed by mea-ns of the pressure and

-.

.,,

.
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temperature, +kiaT Prope Ll&r”:thrust is calculated from the
r.p.m., the true: air sp’eedj air density,” and propeller
characteristics. J@e drag component, as calculated from
tie weight and flight-path angle, is t-hen corrected for tile
conponent of thrust acting: along the flight path, and also
for” th6 drag of the apparatus used .to measure flight-path
aagle”and air speed. Similar corrections to the lift con-
>onent are neglected. . . . .

.,

Yrom t-he lift and corrected drag oonpo~ents t’hus .
found, the correspondi~g’ coefficients are calculated ac-
cordi-n~ to the relations,’ ,...

,’

., CL=-L ., .,..,,. . .
qs

:. . .
sad, .“

CD= L
qs .

in w-hich t-he symbols have their standard significance. An-
gle of attack is taken as the difference bettieen the angle

___ --the fl~ght path and the angle of i~clitiation of the wipgof
cno~—

—
.“,.

Slot oPerat$on.- The angle of attack”at which. the slot
starts to ope~ was determined. %y flying the airplane at
-Q~g“~ speed and t-hen slowly increasing the angle of attack
until the aUXiliary airfoils %egan tO move Out. Records
of the air speed and angle af attack were obtained at this
point with the same apparatus used in the g~id”e tests. The,,
angle of attac~~ was tlherifurther increased until the aux-
iliary iirfoiis reached the full-out position. At this
~oint, records were again taken. The slot operation was
aeter~ined both with the flaps neutral and with the flaps
depressed.

..

Perform”auce.- The performance characteristics measured ..
consisted of the min-innm speed in”level’’f~igk”t, “mifiim-qn
speed in.a glide, high ~peed, ~de a~le~, t miq>muti-+peed.,
minim-= ~gle of.glide, and rates atid’-an-gle~.of climb.

. Yor the neasurenen~ of the minimum speed in level
fligit and m>nimum ‘speed in glide ‘the same apparatus used
in the glide tests was utilized, the only additional in-

●

.
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stru”ment ‘requ”ir’ed‘“being a ~erisi~~v”e.indicating altimeter
to enable..the p~ilot,to. mai.nt”ai.ntrue; level flight when
required.:

,,

...,.

,, The’ high speed was determlnqd. for two conditions,
nane~y; -slots open, and slots closed; the flaps were neu-’
tral’in ~acli case. This det~rrninatian was accomplished
by timing the airplane over ~ measured speed course. Three
runs were made in each direction f~r, each cotidltio”n, and
the r~”sults for the six,runs aver~ged. No corrections
were madd ‘to standard atmospheric conditions, as the ‘cor-
rection to the engine horsepower practically compensates
for the correction to the air speed.

,.

Climb characteristics were obtained for each slot and ~
flap combination %y measuring the air speed and flight-_
path anGle in a series of climbs a,tdifferent speeds, start-
ing from 100 feet altitu.de~

!.

Minimum angle of glide and glide angle at minimum
speed were obtained as incidental results of the other to~ts

.,., ..:
,,,

.,
., Precision “

,.

!lhe instruments used in these tests are capable of
measuring” a.ngles of the flight path and attitwde of the air-
plane to within O.1O,” and air speed within 1 per cent.
(Reference 2. } Such errors introduce .a~p~oximately a 1
pcr ;cent error in the drag, and an i,napprecia%le error iri
the l’j.ft. However, although all flights ,were made under
the bist. obtainable: air conditions, a small degree “of at-
mospheric turbulence existed at all tines. This insta-
bility in the, atmosphere, ‘in addition to. a small but ap-
preciable ,t?ndency forthe airplane to oscillate, caused
slightly irregular. records of the. angles measured, which
are reflected in the dispersion of points in the results. ‘
The accuracy of the results is therefore ,somewhat reduced.
It is estimated that lift arid,drag ’c~efficients.are cor- .
rect. to with”tn ~3 per cent, and angle of attack to within
30*3C)Q . ..

.-,

The maximum and miniuum speeds are correct to within
*1 aercent. Angles bf clim,b “are estimated to be correct

‘+0 2°i’ and the rate of climb to within -to ~7i’ihi.n._.. ‘.3 per cent.
,,. .. . .,...,.. -

—.
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. .Discuss$.oti’of Results ~,. ,,. : -.
. . .:,. . . .. .,, ,“... .“.””.- o .,

The results of”’’ti~“t.,esfsare given in Fi&res 6 to “-15,
and in Talles I an”d 11. - ,F,i”gu~.es6 ‘*.o“13 give: the results ,
with exper imental points; of ,thel,lift aad drag me~sveinents
for the various slot and fia~ &o&-binat ions. These results
are,presented as curves 0,$ lift and drag coefficient and
L/D against angle of attack,. and- also in the form of polar
c-cmves. To facilitate comparison of the results with the
difierent slot-flap combinations,,, the curves of CL and CD
a~ai~st Q for all cases:have been reproduced, without :
the experimental points, in’3’igyr9 14; For the same reasoa,
the yolars have teen groupe~ in Tigure 15. The data fro=
wiiich the lift and drag curves were ol~ained are given in
Table I“. . ,,

TableII gives !Qe results of the performance and slot-
operatiori tests’.. ..,,

. .

.“ The lift and drag -c~agacteristics.- Referring to Yig-
ures 14 and 15, it will be noticed that in all cases the”
lift coefficient Is stili increasing ,when”the curves are

.9 discontinued. This circumstance could not be avoided,
because of the instability of the airplan,e at the “higher
angles” of attack, and the.consequent inzrbi:lity bf the pi-
lot to maintain steady cond~tions long enough to take rec-
ords at these angles of attack. It .is~robable that the
instability at high angles of attack was caused by a par-
tial stall of the wings (burble at the center portion) so
that when instahili.ty was encountered the airplane was ‘
.operating very close to its maximum lift. ‘Conseqtiently
the values given for the maximum li-ft.coefficients (highest
points on the lift, curves) are believed to b-e not more than
3 per cent lowqr than the true maximun’-lift coefficient.

.

.
With slots closed and flaps neutral, corresponding

to the condition of no slots or flaps, the airplane has
* a naxirxun lift coefficient “of 1.00 and a minimum drag co-

efficient ,of ().08, .The”maximum lift coefficient compares
favorably with the inaxiuum lift coefficient of 11113 ob-
tained in t-he N.A.C,A, propeller-researcl~ tunnel on “a 2-
foot l)y 12-fo,ot.model of the M-6 airfoil, and atl,a Reynolds
Nunfier of a?)out.two-t’birds that of the present iestp.
(Reference, 3..) ,The difference betw&en the two”-values is “
explained by the disc.ontinu.ities in the wing su’rface o“f -
the airplane, caused by slot and flap installation, and
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%y the presence of t~e fuselage in the case of the airplane
which makes close compari~ons invalid. The minimum drag
coefficient, 0.08, is rather high, compared with an average
value of 0.06 for conventional ‘airplanes in the same. class.
In this connection, however, the lack of landing-gear strut
fairings, wheel fairings, and engine cowling during the
tests, should be bortie in mind.

In the following discussion of-tlie improvements of
the” lift ,and drag characteristics ,o%tained through ”th6 use
“of slots and flap’s all comparisons are made with the con-m
dition “of”slots closed and flaps neutral. It ~ho,uld be
realized that the resu”lts obtained by the use of slots
and flaps will be different with different ai”rfoi’ls and
that .tihepercentages given ca~ot be taken as “represent-
ing the increase to be expected from the installation of
slots and flaps on any wing section.

With slots open and flaps neutral, the stall was de-
layed 11°, and the maximum lift coefficient was incr.eas~d .
to 1.54, or 54 per cent.. This increase represents a 19
per cent reduction in landing speed. On the ‘other hand,
the minimum drag coefficient with slots locked opev was
increased 10 per cent. This means’ th’at the sacrifice of
the movable or automatic feature of the slots, in favor,
of simplified construction, with slots of this type, wOul~
require & 10 pea cent increase in power to maintain the
speed range possible with the slots automatic.

With slots closed and flaps down, the maximum lift .
coefficient was increased from the basic value of 1.00 to
l,313””or. 38 per cent. At the same time, the angle of at-
tack of maximum lift coefficient was lowered 2° from the
original value, and the angle of zero lift was lowered 6°.
Althougl~,the minimum drag was greatly increased with flaps
down, no significance is attached to this result, as there
is no ,reason for using the flaps at the low angles of at-
tack. . .

W%th slots. ope.a and flaps down, the “maximum lift Co-
efficient reached its highest value, 1,94. It is of in-
terest to note that the sum of, the incr8ases in CLmax
resulting from the use of slots and flaps sepa”r:at’elyis
92 per cent, as compared with t“he total incre~”se’of 94 per
cent when the slots and flaps are use”d together., ,~his ,re-
sult would indicate that the ‘ef’fe”ctsox slot’s’~~d’flaps
are almo,st-independent of one afioth6r. ‘“

—
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In considering tile possible use Of auxiliaries such
as slots and flaps to decrease the landing speed, it is
worth while to analyze the.#;ag .a$ maximug lift, with re-
gard to its effect on the poyrer -required to rnai,nta~n”level
flight . Such an analyiis has been made for the several “
slot-flap combinations ,of t“he su~ject tests, using the
formpla, - ., ,.’”: ~:, .“.,.

,,

‘Lo&ax‘P CD’ ..,—=
P. ‘D.

—( —)”/2
CLmax.

.. . .
,.

where,
..

.,..,, ,.,, ..

““P’”- “potter required.~for minimum sp6ed level flight,., .,, with auxiltaribs.,.. . . . . .,’. .“
. . . p~, - ‘~ower required for rninimti speed,level flight”

,.’. . ... .., withinit “auxiliaries. ., .-
;... ‘,. . .

~~ , -- dr’ag coefficient at maximum lift with auxiliaries..,.,. .. .... .. . ..,. ,,. .’. .

CD - ,drag coeffi.c.ient,.atmaximum lift withqut ,aux-
.’ . ~ .;

, ?~iaries:’:..’ “ “,,. ,.., ,.. -.. , . ... . . .‘. :.
,,

.“
:: ’.C.;,,+.. . . . .. ... . ,rnaxirnum~ti”ft:’eo”e$ficien,twith auxiliaries.

,:

.,. ., .
‘%u:-;.’. .. ~ j .:,., . - .maximum ‘lif’t ioOfftcient without auxiliaries.: :

. . . ,.

The r.es”ults’of .this.”anal”y,sisfollow. .
;...’ “. . . .

‘ ~ithsl’ots ‘al.ond~“’the’increa,se fron t’he bas”ic cori:di-‘
ti”on “tnpower required. ~o ,@&intain “minipum ~orizontal . ,
spee”d’”is8“pe~ cent~ ~ith flays a3.0n,e:,ther.6,is a de- .
crease “of’12 per .cen’t.”‘With slots ‘and ,flaps toge$”her, the
decrease .is”4.per cent. This”is an apparently favorable
r’estil”t~“ However’, sin’ce the minimum ‘speed is lowered 28 ‘-
pOr cent, with tilots and fiaps, there i“s a corresponding
approxiuat’e 5 par cent dec”rease in’ the ratio V/hD at
which the “~ropell~r operates”, with a“‘consequent reduction
i.npropell,~r ‘“efficiency.”“,Comput”ati,ons%ased. on average .
propeller.’ .~ta “s-howthat the “efficiency of the propeller’
‘is decreased”” by: aboui”20 per .b-erit”,with a 5 per ceht “reT”
auction ii V/nD in the, low-speed range. The power
av~ilabke at maxim”um ‘CL may therefore not be sufficient
to rnai,nt”aih:level ~ilig~~t when. ~sing slots qnd flaps, un-
‘less” #t.ep”tiai:6’:tak6ti-td‘incrOase the pyopeller efficiency
at low speeds.

... .,.,.

‘,. , -
. .

. .. . ,.

,... : ..’. -:... . :..: ,“ ,.:. ,.:,.. .“.
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.>, .,An ,i~g,pection of the curves of Tigures 7, 9, 11 and 13
shoys that the maximum LID is 5.8, a val’ue”which compares
unfavoTabl~ .w~th.t,he avefage value” of 8 for conventional
ai.rplanqs ; HeT@ again, however, the absence of important
fairings during the tests must ‘be“considered. Figures 7
and.S also show that the maximum L/D with slots open and
flaps ~eutral is the same as with slots closed and flaps.
neutral . Thus , it does not matter a great deal whethsr the
auxiliary airfoil opens %elow or above the angle of max-
im-am L/D for the unsiotted wing. —.

Performance.- For the weight and drag as flown the
L..

airplane is somewhat underpowered as. evidenced by the low
rate of climb, 310 feet per minute. As a result the per-
formance. as such ,is ,Vot impressive. Ho.yever, for the pur- . “~ -
pose of these tests the performance itself. is of minor in-
terest, the chief interest being in”the difference of per-

--r

formance obt,ei.ne.dwit~.:and without the sl,o,tsand flaps in
operation as is discussed ‘in the following’. paragraphs.

It will have %een noted that the actual, take-off and
landing s~eeds” were not measured. The reason for ‘this was
that a direct measurement would have required a calibration
of the air-speed head mo’unted on the’air’p,la.nb,for. which
time was not available in this part” of the “investigation.
With, respect to. the. take-off speed, ,it so ~appens that the
angles Of attack “at which the minimtim spee’ds”in’ level
flight were.attaia.ed.with and without the ,slots and flaps
in operation can bq obtain~d with *h”is air;plane at” take- ‘
off. It is possible, ...therafor.e,to use the minimum speeds
in level flight for these conditions of s“lots and flaps as
indicative of the corresponding take-off speeds, an,d they
are used hereafter “in place of the true take-off speeds,.
It is realized that this procedure does not give exact re-
sults because at ‘take-off there must–””be”some power avail-
able for climb and at tiinimum speed in level flight ther,e
is none, and also because of the influences of ground ef-
fe-ct● However, it provides a satisfactory tiasisfor the
comparison of. the effects of slots and flaps on take--off
speed. With respect to the landing speed the minimum speed
in a glide is the true .landing speed for a landing which
is made from aglide wit,hout lovel,in~ of:,’a type of -larid-
ing w~ich is entirely possible and is,practiced with this
airplane. The minimum”spe?d in a glide is used in-place of
landing speed hereafter.

Witho slo”ts “or flaps, the land ng speed is 60 m.p.h.

d
angle “at this speed is 3°. Slots and flaps

.
Q@’ ““

.

..

‘

.—
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:..
speed: to 43 rn.p.h.,,~and at the same t,ine

w

o Thus, the slots and .
flaps,.have re ed the lan n sp~ed 17 m.p,k.~and increased
the angle of. approach. by +o without increasing the vertical
ve~ocity. Without slo~s an& flaps the take-off speed is
55 m.R.h. and with s~ots and flaps it is 40 m.p.h. . ;

..
It is interesting to note that the minimum speed in:

level flight was 40 m.p.h. and occurred at an angle of at-
tack of 16.7°, whilet.hq rn~nimum speed in a glide was 43,
m~pch. and occurred at .an angle of attack of 23.7°. The
fact thai a lower “speed qt. a lower angle of attack was at-
tained in the level fli~ht condition is due to the slip-

●stream effects. The fact that the highest angle of attack
attained in level flight was 16.70,- while the maximum lift
occurred. at an angle of attack of 23.7°, shows that the
airplane has ,’insufficient power available to take full ad-
vantage of t’he use of slots and flaps to decrease ,the:,rnin-
imum sneed.in level fli~ht. It follows ,that .if ,the air- “
plaiie ~lad”sufficient power to mai.?tain level flight at
maximum lift and had a higher landing gear so as to take
off at a higher angle of, attack it would be possible tO .
appreciably decrease the .t-ake-off”speed.

The high-speed runs with slots closed and. slots locked
open, indicate the effect of sacrificin:g.the movable or .
automatic feature of the slots in f~vor of simplified con-
struction. With s,lots closed, the high speed was 91.4
m.p.h., and ‘wi’thslots fixed open it was 84.8 m.p.h. This
reduction of 6.6 m.p.h. in the ~igh speed is probably suf-
ficient justification for the use of the automatic or-mov-
able feature for this particular design qf slot. It should
be appreciated,’ however, that it is possible todesign
fixed slots which will not have such an unfavorable ef-
fect on high speed. (Reference 4. )

.

T’he speed ranges given in Table S1 are all based on
the high speed with the slots closed and-the flaps-neutral.
The low speeds used are those obtained in the glides, as
they are more indicative of the wing improvetient than the
low speeds in level flight, where t’he propeller character-
istics are a consideration. The use of slots and flaps
increases the speed range 40 per cent, the slots account-
ing for a 25 per cent and the flaps a 17 per cent increase.

The results of the climb tests show nothing of par-
ticular interest, other than that the climb is poor.
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To summarize, the resu}ts show that the slots used:,
alori’e’‘Increase the maxin~m :“l,i-ft~,ca,efficixmt 54 per c“ent,’
tile“f.laN.ialofie increase, it ,38’~e;r”cent, and. the slots
and flaps i’n’’combination “g,i+ve,a::%t.al increase in ma”ximum
‘lift coefficient of 94 per” cent. T.h,eslots and flaps in
combination decrease the “landing ‘s’~eed fr:ori”6!. to-43 m:.~j.’h.,
increas’e the s~eed range bf the airplane 40 per c&nt, and
iacrease the gl..id.eangle at landing 4.2°. ,..

. .

La~t.le;r.Memorial””Aeronautical Laboratory,
:~atiopa.1.Advi,so”ryCommittee for Aeronatitics ,’

Ltin.gl.ey”llield; Va. j Octobar 13, 1931”.,.
9

,.
.,,> .,..
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TABIJI11

Performance Ollsracteristicsof llcIlOnnelltirplane

Slots closed, Slots open, Slots closed, r Slots open,
flans mu mlt fkw neutral fla~s down flan s down

High speed 91.4 m.p.h. 84.8 m.p,h.
~inimum speed in glide m m.p.h. 40 m.p.h. 51 m.p.h. 43 m.p.h.

(Landtng speed)
..

luting speed 16.2° 27.0° 14.2° 23.7°
landing speed K P13.00 * a 7,30 < jn 3.50 dp 17.2’3

Vertical velocity at Iinding qeed 19.8 ~t.]gec. 21.0 ft.jsec. ‘17.5 ft./see. 16.6 ft.jsec.
llinimumspeed in level flight 55 m.p.h. 44 m.p.h. 46 m.~.h.

(Take-off speed)

40 m.p.h.

13.00 24.00 16.7°

Wx!m.lm -,80 b dm

Speed rauge

~.80 2,50

1.5 1.9 1.8 2.1

With Slots Automatic and Klaus Neutral

Maximum rate of climb
.

310 ft./rein.

Maximum angle of climb 3.40

Slot Operation

Power on

flqa neutral

5.8° ~le of atjackSlots start to open

slots fully open 10.1° “ “
Slots start to close 9.4’J n 11 “

Slots fully clo8ed 5.50 n 11 II

Power on

flaps down

4.1° qle of attack
~.70 H II 11

8.4° 11 n H

3.6° n n “
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